The role of preceding infection as a risk factor for ischaemic stroke was investigated in a case-control study of 54 consecutive patients under 50 years of age with brain infarction and 54 randomly selected controls from the community matched for sex and age. Information about previous illnesses, smoking, consumption of alcohol, and use of drugs was taken. A blood sample was analysed for standard biochemical variables and serum cholesterol, high density lipoprotein cholesterol, triglyceride, and fasting blood glucose concentrations determined. Titres of antimicrobial antibodies against various bacteria, including Staphylococcus, Streptococcus, Yersinia, and Salmonelia and several viruses were determined. Febrile infection was found in patients during the month before the brain infarction significantly more often than in controls one month before their examination (19 patients v three controls; estimated relative risk 9-0 (95% confidence interval 2-2 to 80.0)). The most common preceding febrile infection was respiratory infection (80%). Infections preceding brain infarction were mostly of bacterial origin based on cultural, serological, and clinical data. In conditional logistic regression analysis for matched pairs the effect of preceding febrile infection remained significant (estimated relative risk 14-5 (95% confidence interval 1*9 to 112-3)) when tested with triglyceride concentration, hypertension, smoking, and preceding intoxication with alcohol.
children and young adults.12-"7 We recently reported an association between cerebral infarction and increased serum bacterial antibody titres in young adults.'8 The role of preceding infections in the development ofischaemic stroke has not, however, been systematically studied. In our case-control study the prevalence of preceding infections in 54 consecutive patients with brain infarction aged under 50 was examined and compared with that in control subjects matched for age and sex.
Subjects and methods
We studied all patients with brain infarction under the age of 50 admitted to Helsinki University Central Hospital between June 1985 and August 1986. The hospital serves about one million inhabitants, and almost all young patients with acute stroke in the district are admitted here. The patients were examined by one of us (JS) on the ward in the emergency department, where all patients admitted from this department spend their first night. All admissions to this hospital are recorded in a register, which was examined daily by JS. The patients were entered into the study if they had localised cerebral symptoms and signs suggesting cerebral ischaemia lasting more than 24 hours or if an infarction was verified by a computed tomogram taken on admission. All patients had computed tomography within a few days after the onset of symptoms. Patients with other causes of localised cerebral symptoms, such as haemorrhage, were excluded.
During the 15 months of the study 54 patients fulfilled the criteria for inclusion. They comprised 33 men and 21 women, and their ages ranged from 17 to 49 years (mean 37-7 years). Cerebral infarction occurred in the distribution of the middle cerebral arteries in 38 patients, in that of the posterior cerebral arteries in five, and in that ofthe vertebrobasilar arteries in 11. In 36 patients the computed tomogram showed one ischaemic lesion, and in seven two or more ischaemic lesions. In the remaining 11 patients the computed tomogram on admission was normal but the clinical picture and the course of the disease were compatible with a diagnosis of brain infarction. Among patients with normal computed tomograms five had a brain stem infarction and in the remaining six patients the time from the onset of symptoms to the scan was 24 hours or less. One of the patients had experienced one earlier ischaemic stroke. Two patients died during the first week after admission. No other deaths occurred during the three months of observation.
The controls were matched with patients for sex and age (within one year), resulting in 54 case-control pairs. Their ages ranged from 18 to 49 years (mean years). The controls were selected at random from the official register of inhabitants of Helsinki, where the names, dates of birth, and addresses ofall Helsinki's inhabitants are recorded. To find enough controls two subjects matched for sex and age to every patient were initially invited to the study. As the first 15 patients were matched by two controls-that is, the rate of participation was higher than expected-we decided to invite only one control for each subsequent patient; if the control refused to participate we invited another. A letter of invitation was sent to the control subject as soon as the patient was admitted to the hospital. After the letter was presumed to have arrived the controls were contacted by telephone and an appointment made. Altogether 77 controls were invited and 69 of them (90%) agreed to participate; seven of those who refused to participate said that they were healthy and could not participate because of lack of time, and one had rheumatoid arthritis and could not come because of difficulties in moving. The controls were examined within two to four weeks after their patient was admitted. All the controls were asked to come to the examination regardless of any acute illness, and none of them was excluded owing to illness. The purpose was to conduct a case-control study matched one to one. The first 15 patients, however, had two controls; we excluded all of the second controls of these 15 patients and took into the analyses only the control who was examined first.
All the controls were examined by the same physician (JS Estimates of relative risk (odds ratio) adjusted for confounding factors were computed from a conditional logistic regression model for matched data.22
The model was fitted with a procedure in the biomedical computer program (BMDP) such that each pair constituted an observation, each response was positive, no constant existed in the model, and the explanatory variables were differences in the corresponding values between cases and controls. Subgroups of cases were compared by unpaired differences in means or proportions.2'
Results

INFECTION AS A RISK FACTOR
The prevalence of febrile infections during the month preceding the ischaemic stroke in the patients was significantly higher than that during the month preceding the examination of their controls. Thus 21 of the 54 patients but only three of the 54 controls had had a fever (¢37 5°C) during the preceding month (relative risk 10 0, 95% confidence interval 2-4 to 88 2). The corresponding figures for the preceding week were 14 among patients and two among controls (relative risk 7 0 (1 6 to 63 4)). Definite infection was the cause of fever in 19 patients and three controls (relative risk 9-0 (2-2 to 80 0)) ( (table III) . Sixteen patients had a positive result in only one of the tests, whereas three patients had a positive finding in two tests. These patients included one with a positive finding in the tests for antistaphylolysin and antideoxyribonuclease B, one with positive results for antideoxyribonuclease B and yersinia 9, and one with positive results for yersinia 3 and salmonella. Five of the controls had a positive finding in one of the tests, whereas the two others had a positive finding in tests for both yersinia 3 and yersinia 9. In one patient the positive result could be explained by an infection that had begun after the stroke (bedsores with staphylococcal infection and positive results on serological testing for staphylococci). All other patients with positive results on serological testing had probably had an infection before their brain infarction.
No difference was found between patients and controls in the results of viral serological examination. One patient showed a fourfold change in titre of antibody to influenza A virus. She had had fever and respiratory symptoms beginning three days before her brain infarction, but she also had a high titre of antibody to yersinia 9 (1/640) in all three samples. No change in titres of antibodies to viruses was found in controls, and the distribution of high titres was similar in the two groups.
Erythrocyte tTwo controls gave a positive result in two tests (see text).
OTHER RISK FACTORS
The patients and their controls were also interviewed and examined for other established or suspected risk factors of ischaemic stroke (tables IV and V). Packed cell volumes and the prevalence of migraine showed no difference between the patients and controls. The prevalence of febrile and bacterial infections among patients who were intoxicated with alcohol before the brain infarction, heavy drinkers, current smokers, or diabetics did not differ significantly from that among patients without such risk factors.
Serum triglyceride concentrations were higher in the patients than the controls both immediately after the ischaemic stroke and three months later (tables IV and V). The high density lipoprotein cholesterol concentration was lower in the patients immediately after the ischaemic stroke than in the controls, but the difference was not evident three months later (table V) . Patients with a recent bacterial infection had lower mean high density lipoprotein cholesterol concentrations than patients without such infection both immediately after the ischaemic stroke (0-80 mmol/l v 1-15 mmol/l (95% confidence interval for mean difference 0-17 to 0 53 mmol/l)) and three months later (0 99 mmol/l v 1-25 mmol/l (0-03 to 0 49 mmol/l)).
Conditional logistic regression analysis for matched pairs was carried out to investigate the association between preceding febrile infection and ischaemic stroke when other risk factors of stroke were controlled for. The effect of preceding febrile infection remained significant when all the risk factors that were found to be associated with ischaemic stroke in univariate analysis were included as covariates in the logistic model (table VI) . Smoking and preceding intoxication with alcohol were significantly more common IIRatio >6-0 in fasting blood sample (sample taken three months after stroke in patients). ¶Serum triglyceride concentration > 1-7 mmol/l in fasting blood sample (sample taken three months after stroke in patients).
jiConcentration >6-0 mmol/l in fasting blood sample (sample taken one week after stroke in patients).
#Consumption of over 80 g of absolute alcohol over a few hours during the 48 hours before stroke examination. § §Consumption of over 300 g of absolute alcohol during an ordinary week (based on answers at interview). tMean difference (95% confidence interval) between sample taken 24-72 h after infarction and that taken three months after infarction 0-1 (0 Ito 0 2). only among male patients. When only the men were studied the effect of preceding febrile infection still remained significant when tested together with smoking and preceding intoxication with alcohol (relative risk (1 4 to 506 6)).
Discussion
Our results suggest that a febrile infection during a preceding month is a risk factor for brain infarction. Its effect remained significant when other risk factors for brain infarction were controlled for. Such infections were of bacterial origin in most patients based on cultural, serological, and clinical data, respiratory infections being the most common.
The patients consisted of all patients with ischaemic stroke under the age of 50 admitted to Helsinki University Central Hospital. In Finland patients with strokes are generally admitted to a hospital for examinations, treatment, and rehabilitation; young and middle aged patients especially are admitted to university hospitals, where emergency neurological and neurosurgical services are available. Thus almost all of the young patients with ischaemic stroke in the district of Helsinki University Central Hospital were probably included in this study. Our patients' low mortality (4%) is similar to that found in other studies of ischaemic stroke in young and middle aged patients.2324
Selecting control subjects requires care when studying a possible relation between infections and other disease. We decided to select our controls at random from the community. Controls acquired from the hospital are not suitable for this kind of study because infections are probably overrepresented in patients in hospital. As the rate of participation was high (90%) refusals in the control group probably did not cause any appreciable bias. Socioeconomic state did not differ significantly between patients and controls so is not a probable explanation ofour results. To exclude the possible effect of seasonal variation of respiratory infections control subjects were examined as soon as possible after their corresponding patient was admitted. We could not obtain reliable information about past infections from three patients because of their aphasia or coma, nor could it be obtained from their relatives; in the statistical analyses these patients were regarded as not having had past infection. Preceding infections were studied retrospectively in both patients and controls. All controls were asked to participate in the examination regardless of whether they happened to be acutely ill, and none of them were excluded owing to illness. Many of the patients with febrile infection (14/19) had either visited a general practitioner or been at hospital because ofinfection during the preceding month. Such occurrences would also probably be remembered by the controls. Furthermore, the results of bacterial serological tests supported the view of a higher prevalence of preceding bacterial infections in patients than controls.
The serological tests measured antibodies against four bacterial genuses: Streptococcus, Staphylococcus, Salmonella, and Yersinia. In most patients (16/19) the positive antibody titres were against only one bacterial species. This observation excludes non-specific polyclonal immunostimulation and supports specific bacterial infection as a cause of the positive results. Unfortunately we did not measure antibodies against pneumococci and Haemophilus influenzae, two organisms commonly causing sinusitis and other respiratory infections. Thus a more complete set of bacterial serological tests might have yielded even more positive results in the patients. Our earlier report provided serological evidence of recent bacterial infection in patients with cerebral infarction,'8 which was confirmed in this case-control study.
Several studies suggested that infections were a risk factor for stroke,'"-"25-28 respiratory infections being the most common. carditis.89 In this study two patients (4%) had cerebral infarction due to endocarditis. Both preceding intoxication with alcohols and a high intake of alcohol6 are associated with ischaemic stroke, which agrees with our results. Hypertension is a well known risk factor for ischaemic stroke,' 29 which we also found. The low prevalence of hypertension and coronary heart disease among our patients is probably due to their young age and agrees with other studies in Scandinavia. 5 '3 Information on the association between high density lipoprotein cholesterol concentration and ischaemic stroke is contradictory. Although some studies have reported a low serum high density lipoprotein cholesterol concentration in patients with ischaemic stroke,3S32 others have not observed such a relation.33-35 Our results may in part explain these conflicting results. Thus high density lipoprotein cholesterol concentration was significantly lower in the patients than the controls immediately after admission to the hospital, but the difference disappeared over three months. Therefore, low high density lipoprotein cholesterol concentration in patients with ischaemic stroke may be a result rather than the cause of the disease. In agreement with several reports we found no difference in serum cholesterol concentration between patients with ischaemic stroke and controls.3 13303233 Data on serum triglyceride concentrations in cerebrovascular disease are limited. In agreement with a previous investigation we found significantly higher serum triglyceride concentrations in patients than controls.3 Infections are known to cause alterations in lipid values.3637 Indeed, our patients who had had bacterial infections had lower high density lipoprotein cholesterol concentrations than those without such a history.
Several risk factors for ischaemic stroke, such as alcohol, smoking, and diabetes, may alter susceptibility and immunity to infections. Thus a high prevalence of febrile infections among patients with brain infarction may result from a high prevalence of these underlying common risk factors for ischaemic stroke. This is not, however, a likely explanation as the prevalence of febrile infections did not differ significantly between the patients who were diabetics, smokers, heavy drinkers, or intoxicated with alcohol before the brain infarction and those who were not. Furthermore, logistic regression analysis indicated that febrile infection was a significant risk factor for brain infarction even when the effect of other risk factors was taken into account.
In our study the possible mechanisms between infection and infarction were undetermined except for those infarctions that were probably caused by septic emboli in endocarditis. Among patients with a bacterial infection during one month before the stroke (table II) only one patient had another preceding factor-namely, intoxication with alcohol-that may predispose to thrombosis. Infections may induce thrombosis and brain infarction by several mechanisms. In septicaemia and endocarditis the probable mechanism is formation of a thromboembolus, vasculitis, or disseminated intravascular coagulation. Infection in the region of neck and throat has been suggested to cause a local inflammatory arteritis of the carotid leading to cerebral infarction. 12 Infection and inflammation cause many systemic effects including changes in aggregation of platelets, lysis of platelets, spasms in vascular smooth muscle, and changes in the blood coagulation system.3839 Immune complexes induced by the infection can cause vasculitis and platelet aggregation.' Immunological disorders have also been suspected to play a part in atherosclerosis.4142
In conclusion, our data suggest that a preceding febrile infection is a significant and previously underestimated risk factor for brain infarction in patients under 50 years of age.
SHORT REPORTS Percutaneous renal embolisation in renovascular hypertension
Renal embolisation has proved to be useful in treating severe hypertension in patients receiving haemodialysis and after transplantation.12 It has also been used in few patients with renovascular hypertension,34 but these patients were evaluated for only a short period after embolisation.
We report the first prospective study of the long term effects of percutaneous renal embolisation on blood pressure and renal function in patients with severe renovascular hypertension not manageable with conventional treatments.
Methods and results
The table gives the clinical characteristics of the patients, and the results of diagnostic investigation and the effect of embolisation on blood pressure. The patients were selected for embolisation because it would have been impossible to perform percutaneous transluminal angioplasty or surgical bypass; they were at high risk from radical nephrectomy; they needed large resections of normal renal parenchyma; and their hypertension was poorly controlled by medical treatment or they had a high incidence of side effects, or both. Total renal embolisation was carried out in six patients (cases 1-6).5 Renal ablation was limited to the portion of the kidney supplied by abnormal vessels in two patients with intralobular stenosis (cases 7 and 8). After embolisation blood pressure was recorded daily. Serum concentrations of urea and creatinine were measured the day before and two, four, and six days after embolisation. Patients were discharged and examined as outpatients one month later and every two months thereafter.
Five patients were regarded as cured (showing a decrease in blood pressure to 150/90 mm Hg or less without antihypertensive treatment) and three were regarded as improved (showing a decrease in blood pressure to 150/90 mm Hg or less with concomitant antihypertensive treatment). Five months after embolisation blood pressure rose progressively in one patient (case 4), who had refused repeat pyelography and arteriography.
Serum creatinine concentrations were slightly but significantly increased (from 85 (SE12) to 106 (16) tmol/l; p<00025) two days after embolisation but returned Clinical data on patients undergoing renal embolisation and effects ofembolisation on blood pressure 
